Little is known about the end-of-life (EOL) experience of patients with rare cancers (PRC) or their caregivers. From September 2002 to August 2008, 618 stage IV cancer patients [195 PRC and 423 patients with common cancers (PCC)] and their caregivers participated in an interview-based cohort study. Patients were interviewed about EOL preferences, planning, medical care, and followed until death. Interviews with caregivers at baseline assessed caregiver mental and physical health; and postmortem, assessed EOL patient care. PRC were four times more likely than PCC to be receiving both radiation and chemotherapy at study entry (10.3% vs 3.3%, respectively, adjusted odds ratio 4.31, P=0.003). PRC's caregivers were more likely to report declining health (22.1% vs 15.7%, P=0.05) and marginally more likely to report using mental health services to cope than PCC's caregivers. PRC were as likely to acknowledge their illness was terminal, have EOL discussions, and participate in advance care planning as PCC. Future research should investigate terminal care for PRC and how providing care affects caregivers' physical and mental health.
Introduction
One in 10, or 25 million to 30 million, Americans have a rare condition (National Organization of Rare Diseases), which the Rare Diseases Act of 2002 defined as a disease with fewer than 200,000 prevalent U.S. cases per year (Rare Diseases Act of 2002). 1 While each rare condition is uncommon, their collective impact may be substantial. 2, 3 The same is true for rare cancers, which represented 23.4% of all cancer cases and 32.9% of cancer deaths. 4 Rare cancers have been defined as having fewer than 150 cases per million cancer cases per year. 5 Regardless of the definition used, the difficulty of amassing cases frustrates understanding the etiology, diagnosis, and treatment of these tumors. 6, 7 In response, efforts continue to create national registries for rare cancers, pool tissue and data, develop effective randomized clinical trials, and create incentives for treatment and/or drug development. 1, [7] [8] [9] [10] [11] [12] [13] [14] Despite these initiatives, institutional lack of interest, disproportionately low funding, publishing biases, and unique ethical issues may hamper study of rare cancers. 7, [15] [16] [17] People with rare cancers and their families may also face significant challenges, such as physicians' lack of familiarity with the disease, diagnostic delays or errors, logistical difficulties including coordination among multiple specialists and visits, conflicting treatment recommendations, and a dearth of clinical or scientific evidence to guide decision-making. 6, 15, [18] [19] [20] This may prompt feelings of alienation, bewilderment, and apprehension, 19 or stress (e.g. fear, anxiety, and heightened worry). 21, 22 Alternatively, it can result in hope and optimism in the face of uncertainty about treatment outcomes. Either psychosocial context could affect treatment decision making and future appraisals of that decision making (i.e. regret) 23 -and be of particular significance for the end-of-life (EOL) experience.
Rare cancers may represent significant psychosocial impact and risk of death for patients.
6,24 Therefore, we were interested in whether, and how, the EOL experience among adult patients with rare cancers differed from that of individuals with common cancers. To address this question, we used the dataset of Coping with Cancer (CWC), a prospective, NCIfunded multi-site study of terminally ill cancer patients. However, we found little prior literature to guide our investigation. Therefore, based on clinical experience, we hypothesized that oncologists may communicate differently about rare versus common cancers. Specifically, given a general lack of proven treatments for rare cancers collectively, we speculated that a patient's terminal condition might be discussed more immediately and frankly. We hypothesized that, compared to patients with common cancers, rare cancer patients with advanced disease would be more likely to: i) receive care in a tertiary or referral cancer center, reflecting a perception by patients and caregivers that tertiary-center-based oncologists have more experience treating rare cancers or would have greater access to clinical trials; ii) acknowledge their illness was terminal; iii) participate in advance care planning and EOL discussions; but iv) want a more intensive or aggressive approach to EOL care in the face of uncertainty. We also hypothesized that at study entry caregivers of rare cancer patients would be more likely to: i) be emotionally distressed; ii) want more information about the cancer and treatment options; and iii) want the patient to take an aggressive approach to treatment.
Materials and Methods

Study sample
Participants were adult patients with advanced cancer (defined as metastatic disease and failure of first-line chemotherapy) and their informal caregivers recruited as part of the CWC study. The specifics of the CWC study, its inclusion and exclusion criteria, and participation rates have been described in detail elsewhere. 25 Briefly, of the 944 patients who were initially approached and confirmed to be eligible, 274 (29.0%) declined participation. Compared to those who declined to participate, participants were less likely to be distressed on a 5-point Likert scale whose extremes ranged from 1 (minimal/nonexistent) to 5 (distraught) (mean score 2.53 vs 2.94; P<0.001). Non-participants and participants did not differ significantly in sex, age, race, or education. The human subjects committee at each institution reviewed and approved all study protocol and contact documents before research was conducted; and all participants provided written informed consent.
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Measures Patient demographic and health measures
Patients and caregivers participated in separate baseline interviews conducted by trained interviewers. Collection of sociodemographic data, health measures (including Karnofsky and Charlson), quality of life (McGill Quality of Life Questionnaire), mental health assessments (Structured Clinical Interview and Diagnosis) and treatment information for patients have been described elsewhere. 25 All scales are psychometrically sound and have established reliability and validity. [27] [28] [29] [30] [31] For this study, the designation of a tertiary or referral cancer center was applied to 
Caregiver measures
Caregiver health was measured using the Medical Outcomes Study SF-36 survey. 32 Caregiver mental health coping was assessed with the following yes or no question: Caregivers participated in a post-mortem interview to determine the patient's EOL care. The EOL care outcomes of interest included whether a patient received intensive EOL care defined as CPR and/or ventilation in the last week of life followed by death in an intensive care unit, in-or outpatient hospice care, and location of death.
Statistical analysis
Descriptive statistics were used to characterize study sample demographics. T-tests were used for continuous variables, CochranMantel-Haenszel statistics for categorical variables, and chi-square statistics or Fisher exact tests for binary variables. Logistic regression was used to determine the association between cancer type and care received, adjusting for confounders (entered into the model at a significance level of P<0.10 and retained at a significance level of P<0.05). All patient sociodemographic characteristics, health, quality of life, and communication variables were considered as potential confounders. Results are presented as unadjusted (uOR) and adjusted odds ratios (aOR). Statistical inferences were based on two-sided tests with P<0.05 as the cutoff for statistical significance. Data analysis was conducted using SAS System for Windows v. 9.1 (SAS Institute, Inc., Cary, NC, USA). Table 2 shows the socio-demographic and clinical characteristics of the sample. Patients with rare cancers were on average two years younger, had fewer comorbidities, and were more likely to be Hispanic. The association of ethnicity and cancer type is likely explained by the fact that Hispanics have a higher incident rate of cancers of the stomach; cervix; and gallbladder, liver, and intrahepatic bile duct. 33 Those were the three most common types of rare cancers in this study.
Results
Patient characteristics
Rare cancer patients
At study entry, patients with rare cancers were as likely as those with common cancers to be treated in a tertiary cancer center, enrolled in a drug trial, or receive palliative care (Table 3) . Also, at study entry, 350 cancer patients were receiving radiation and/or chemotherapy. Patients with rare cancers were more likely to be receiving both radiation and chemotherapy 
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Caregivers of rare cancer patients
There were no significant differences in the socio-demographic characteristics or baseline health of caregivers of rare cancer patients versus common cancer patients (results not shown). While rare cancer caregivers did not report significantly more emotional distress or mental health diagnoses at study entry, they were more likely than common cancer caregivers to report a decline in health during the final year (22.1% vs 15.7% respectively, P=0.05) and marginally more likely to report using mental health services to cope with the patient's illness (22.3% vs 16.5% respectively, P=0.08).
Caregivers of patients with rare vs. common cancers reported no difference in how much information their physicians provided (results not shown). Fewer than 5% of both rare and common cancer caregivers mentioned wanting more information about the cancer, other forms of treatment or clinical trials, or improved communication with consulting physicians in response to the open-ended question regarding caregiver needs. One caregiver of a patient with a rare cancer reported wishing the patient could help others with the same condition.
Rare cancer caregivers were marginally more likely than common cancer caregivers to prefer that the patient choose treatment focusing on extending life rather than on relieving pain (20.8% vs 14.4% respectively, P=0.08) and significantly more likely to score higher on a scale of optimism [mean 25.5, standard deviation (SD 4.2) vs 24.6 (SD 4.5) respectively, P=0.02].
Discussion and Conclusions
This study investigated differences in the EOL experience of advanced cancer patients dying of rare versus common cancers, and their caregivers. We found that patients with rare cancers were no more likely to acknowledge their illness was terminal, have EOL discussions, or participate in advance care planning than were patients with common cancers. However, patients with rare cancers were four times more likely than were those with common cancers to be receiving both radiation and chemotherapy at study entry. This result deserves further study in light of the entry criteria for the CWC study (i.e. advanced cancer with failure of first line chemotherapy), the frequent lack of proven therapeutic options for rare cancers, and the similarity in rates of patient and caregiver preferences for intensive EOL care by cancer type. Future research should investigate the role of physicians and patients in determining EOL care for those with rare cancers as well as the natural history of their experience (e.g. diagnostic delays, stage at diagnosis, coping, and satisfaction) to improve our understanding of high-quality or optimal care of terminally ill patients with rare cancers.
Also of interest is the finding that caregivers of those with rare cancers did not express greater need for information and may use optimism more often than do caregivers of patients with common cancers as a way to cope. The need for information may be due to the time since diagnosis for this study population. 34 With respect to coping, the rarity of the cancer itself may lead to less certain predictions of treatment outcomes -and therefore more hope that an unexpected (positive) result may occur. Future research should investigate this possibility and its potential effect on caregiver burden and bereavement adjustment in caregivers of patients with rare versus common cancers, particularly in light of our finding that rare cancer caregivers selfreported worsening health after the patient's diagnosis.
This study has several limitations. First, rare cancers were slightly overrepresented in the sample. This may stem from greater willingness of rare cancer patients to participate in research or more referral of rare cancer cases to the study -possibly due to a higher (14) ; preference (67). *Of those patients receiving chemotherapy, radiation or both at study entry; the reference group is chemotherapy or radiation alone (N=350).
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death rate among this subset of rare cancers, a greater awareness of these cases on the part of referring oncologists or higher referral rate to the predominantly academic institutions represented in the study. We do not know whether differences existed in the type of cancer of participants versus non-participants. Second, the CWC study was not originally designed to investigate differences in the EOL experience or needs of patients with rare cancers compared to those with common cancers. Therefore, it may not be able to address important aspects of the rare cancer experience. For example, CWC cannot answer in sufficient detail whether differences exist in doctorpatient communication (the underpinning of our hypotheses for the study), patient information seeking, or use of alternative treatments. Also, our categorization of tertiary versus nontertiary cancer centers was not based on an empirical comparison of the rate of referred versus primary cancer patients. Finally, our study also cannot answer whether having a rare cancer is an opportunity for advocacy that serves as a source of hope and meaning in the face of death; or, alternatively, a burden (or both) for patients and families. Anecdotally, rare cancer patients and family members frequently become the organizational core for on-and off-line information, advocacy, and scientific collaboration. 15, 18, 21, 22 Similarly, citizen-created Internet resources, including chat rooms and specialty sites, provide information, support, and empowerment directly to patients with rare conditions who may be geographically dispersed. 19, 34, 35 While these opportunities stand separate from physicians and researchers, they also appear to present novel opportunities for recruitment and scientific study. 35 Despite its limitations, this study is the first investigation we are aware of that explores both the EOL experience of patients with rare cancers and their caregivers as a group and highlights opportunities for further research in the psychosocial and behavioral domains of the rare cancer patient's experience to improve their care and that of their families.
